T v TR, ST T s T

SUPERCRITICAL FLOW IN CURVED
CHANNELS

Hydraulic Model Investigation

AD 74V760

Repost No. 1-109

March 1972

Feproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

Sonngl.eid. Ya 22151

U. S. Army Engineer District, Los Angeles
CORPS OF ENGINEERS
Los Angeles, California

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNUMITE.




"

g A P L

Destroy this report when no longer needed. Do not return
it -0 the originator.

PRl

PP

weapiares SO T

VRN

The findings in this report ore ot to be construed cs on officiat
Department of the Army position unless so designoted
by other outhorized documents.

P
Y

N

A — Y




T

AP W’W“*’-‘Wﬂmwg‘ﬁ“

SUPERCRITICAL FLOW IN CURVED
CHANNELS

Hydraulic Model Investigation

TN T A e AT R

iy, :!\.‘r?p‘. § )‘,‘,‘-

PRV AR Z s el

RYAr
s

[ERIRC RN

Report No. 1-109

March 1972

U: S. Army Ergineer District, Los Angeles
CORPS OF ENGINEERS
t.os Angeles, California

ARMY.-MRL VCKSBURG. MISS

APPROVED FOR PUBUIC RTLEASE: DISTRIBUTION :NLUIMITED

p
L
z
£
£
=
E o)
gs-
:
<2
&

Y Bt - A S e b A T T e ey e A TR T LT S R e e e T TR s O R R s e
5 e i e e e A e e [ Rcd B

e o e N o,

P T TR RN T T AT e




AR T,
ok

(A

D oA

YT

Y

IR AT e ey

.

5 “
Unclassified
; . ‘.kcun'tz Classification
DOCUMENT CONTROL DATA-R&D

(Securlty classificatiec. of title, body of &b and indexl fon must be when the 11 repect 13 clnsaifiod)
T. ORIGINATING ACTIVITY (Corporate suther) 28, REPORT SECUMTY CLASSIFICATION

U. S. Army Engineer District Uaclassified

Los Angeles, California 29 GRouP

3. REPORY TITLE

SUPERCRTITICAL FLOW IN CURVED CHANNELS; Hydraulic Model Investigation

4. DESCRIPTIVE NOTLES (Type of repert and lnclusive dotes)

§ 3. AUTHORIN (Firs newme, middie Inlliel, 1881 nesw)

Final repoxt

%. REPORT OATE 7. TOTAL NO. OF PAGES 7. NO. OF REFS
March 1972 i} 1
. ORIGCINATORS AEPORT NUMBER(S)

4. CONTARAZT OR GRART NO.
Report No. 1-109

& PROIECT MO,

AP et SR AR At -
NS 5y b S A o
o S R RS G R AT BB A L i 2

o e m——

80. OTHER REPORT NOLS) [
".u 3 wOLS) (Any other auniere et moy sssigned

o

10. DISTRIBUTION STATEMENT

Akpproved. for public release; distribution unlimited.

312. SPONSORING MILITARY ACTIVITY

1. SUPPLEMENTARY MOTES
U. S. Ay Engineer District
Los Angeles, California

.
i

3. ABS t-cr
me*‘rxydrau.hc experiments on superelevation in curved trapezoidal channels with super-
critical velocities were made to verify ﬁxeoret_lcy.l cozputations and model measure-
wonts for superelevation in curved chennels. 'This report presents some of the prod-
lers encoumcred in the study and includes 4o zagnitudes of superclevation ..nd flow
disturbances aad. the devclo:::.‘.‘n-. of safe design criteria. The objective was to {ind
La=sipr eriteria that would rinixize superclevation, surface waves, and flow osc:."
“lations arownd curves.,_ In the basic study, a trapezoidal channel with a 2.5-ft-wide
(zodel) invert und 1-on=2.25 side slopes was used. Supercritical flow conditions
existed for 21l reasurements. Arpendix A describes limited superelevation tests of
curved channels of circular\cross section. Appendix B suxrarizes model test results
of the trapezoidal sinvous chaennel of Verdugo Wash. Tne basic study shows that the
ainimoa leagth of spiral transition should be 1.82 (VI/VEE) . The average flow
superelevation zhove normel depth was found io be a2bout 0.9 (V27/gR) without

spirais and 0.8 (V2?/gR) with spirals.

DD 147 MEPLACES DO FOMS 1873, $ JAN 85, WL 19
 woves OGNOLETH POR ARMY USE. Tnclassified
Security Clsssification

it S o M ST

T e ity

o oA gyt i -

S e ok Mw'ﬁ‘ *

b

]

&"
o

A TRy I NPT S W O P

‘.

BC O Nk Tt e .

Lok w00

mA e g v LRt

L av

“a

R AT I T

. i

PR NV

[ N N T S

£3 ML maYLIPIRNAR A a6y -

Lavtaie s dr

PRV N

SRRy Yy

L h L AN by saksan




TS

AEA R R R i T R MRS IS 0
)
1
1
i Unclassified
¢ Secwrity Classification
t 4. "
’ XEY WORDS LiINX A LINK B LINK €
i ROLE T "ROLE wT nOLE wr
: -
i

Hydraulic models
Open channal flow
Supercritical flow
Trapezoidal channels
Verdugo Wash

Unclassified

Secwrity Classificstion

R i

S v G RN AR e

L Tthase 46 3992 ve

<At e

P PV VR 1

ccinnysds Ba

e ab P Wirs Akad s & Sher s et ssnae h

N1

FUPRNR I

7 TN

PPTIPTa




«>3
k. B
¥ k.
¥ P
2 -
i e |
>
e = .
ke
£ 38
« R
L
4 3]
g . '-
33 - o
. X

£ .
£
T
7
> B
1 B
2 S
L S

FOREWORD

The hydraulic studies reported herein were conducted in the Hy-
draulic Laboratory of the U. S. Army Engineer District, Los Angeles.
Preparation and publicetion of the report were authorized by the Office,
Chief of Engineers, in a letter dated 21 August 1969 to the Director,

U. S. Army Engineer Waterways Experiment Station, subject:
ing Studies Prgram,”

YEngineer-
and were accomplished under ES 804, "Department
of Hydraulic Design Criteria and Comprehensive Design Procedures."”

Thiz report was prepared by Mr. D. A. Barela, Hydraulics Section,
Los Angeles District, under the supervision of Mr. A. Robles, Jr.,
Chief of the Hydraulics Section. LTC H. McK. Roper, J.., was District
Engineer during publication of the report.

The report was reviewed and published by the Waterways Experiment
Station. COL Ernest D. Peixotto was Director of the Waterways Experiment

St:;.tion during publication of the report; Mr. F. R. Brown was Technical
Director.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

v tian PA LA Tt T AR

British units of measurement used in this report can be converted to metric

units as follows:

Multiply By To Obtain '

feet 0.3048 meters !

feet per second 0.3048 meters per second

cubic feet per second 0.02831685 cubic meters per second =

gallons (U. S.) 3.78543 cubic decimeters

3.78533 liters ;
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SUMMARY

The hydraulic experim~uts on superelevation in curved trapezoidal

charinels with supereritical velocities were made to verify theoretical com-

putation: and model measuriments for superelevation in curved channels.

This repoy s nerSents some of the problems encountered in the study and in-

cludes 2he . ditudes ot svrerelevation and flow disturbances and the

Jdeveloprvn. of safe design criteria. The objective was to find design

eriteria that would minimize superelevation, surface waves, and flow

o: *illations around curves.
In the basic study, a trapezoidal channel with a 2.5-ft-wide (model)
invert azd l-on-2.25 side slopes was used. Supercritical flow conditions

existed for all measurements. Appendix A describes limited superelevation

tests of curved channels of circular cross section. Appendix B summarizes

model tests results of the trapezoidal sinuous channel of Verdugo VWash.

The dbasic study siiows that the minimum length of spiral transition

should be 1.82 @ The average flow superelevation above normal depth
was found to be about 0.9 VZRT without spirals and O. 8 with spirals.




SUPERCRITICAL FLOW IN.CURVED CHANNELS

Hydraulic Model Investigation

INTRODUCTION

1. The laboratory study of supercritical flow in trapezoidal, curved
channels was made for the purpose of obtaining basic information required
to establish design criteria. The plan was to study varions design curves,
with and without spiral transitions, and to ascertain the amount of super-
elevated flow produced in the curve by high-velocity flows and the conse-
quent disturbance in the tangent downstream from the curve. Srecifically,
the factors to be determined were: (2) the length of spiral transition re-
quired to reduce the excessive disturbance in the curve and the tangent
downstream, (b) the height of the superelevated water surface, {c) the pat-
tern of disturbance, and (d) the development of safe design criteria.

2. Twenty experimental tests are submitted in this report. These
tests were made in a model with a scale ratio of 1:25. The model simulated
- a trapezoidal channel with a 62.5-ft* base width and 1-on-2.25 side slopes.
Plans for test channels 1-12 are not illustrated; plans for test channels
13-20 inclusive are shown in plate 1. The changes to the model were lim-
ited to: (a) the longitudinal slope of the model, (b) length of radius,
and (c) the length of spiral transition. The radius of curvatures in the
alinement was 850 £t for 10 tests and 885 ft for the other 10, of which L
of the tests were made with 325-ft and 2 with 600-ft spiral transition
curves. Discharges of 35,000 and 45,000 cfs were considered pertinent to
the study program.

3. Table 1 lists all tests in order of testing procedure. A summary
of the hydraulic elements, curve data, and computed and test values of the
superelevated water surface at the outside and depressed water surface at

the inside of the curve and their correlation is presented in the table.

* A table of factors for converting British units of measurement to metric
units is presented on page vii.
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THE MODEL
Description
4. The model was constructed to an undistorted scale ratio of 1:25
and reproduced approximately 5000 ft of channel (photograph 1). The chan- |
nel was constructed entirely of timbers and plywood. The joists, which
supported the deck, were attached to stringers by means of adjustable tolts.
This facility enabled the slope to be varied as needed. ;
5. Water used in the model operation was supplied from a recircu-~ )
lating system. A venturi meter installed in the inflow line was used to
measure the required flow that was carried@ into the forebay and thence to
the model channel. A control gate was used to obtain the required depth at
the upstream end of the approach channel.
Scale Relations .
6. The accepted equations of hydraulic similitude based upon the
Froudian theory were used to express mathematical relations between the di-
mensions and hydraulic quantities of the model and prototype. General re-
lations used for the transference of model to prototype equivalent, or vice
versa, are presented in the following tabulation:
Scale
Dimension Ratio Relation
Length Lr 1:25
Area A = L2 1:625
T T
Veloci V. = I.l’/2
elocity r = r/ 1:5
. - 9/2 .
Discharge Q’r Lr 1:3125
12
TESTS WITH STMPLE CURVE, USING CURVE RADII OF 850 AND 885 FT
T. Fourteen tests simulating prototype discharges of 35,000 and
i
2
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' 45,000 cfs were made on simple cﬁrve designs. The hydraulic elements for
the above tests are tabulated in table 1. The test channel plan for tests
13 and 14 is shown in plate 1. The model. was set to a particular slope,

i and test: runs were ‘made with discharges of 35,000 and 45,000 c¢fs on that

slope. For each run, the depth of flow was controlled at the upstream end

of model by means of & control gate. Water-surface measurements were taken
at various intervals and/or at the crest or trough of the waves. Also, the
investigation was plamned to include measurements of velocity distribution
in the curve and in _the upstream and downstream tangents. The variations
of superelevation of the water surface as measured in the model along the
outside wall with various invert slopes are shown in plates 2-15. The pro-
file of the water surface at the outside wall is a measurement above normal
depth &nd is shown as a solid line. Velocity distribution cross sections
of test 1l were selected as typical for 21l tests on the simple curve and
are shown in plate 16. The measured water surfaces along the outside and
inside walls throughout the entire reach for test 14 are shown in plate 17.
Ziberal use of photographs was made to record the operation of some of the
tests. Photographs of the flows are presented in photographs 2 and 3.

8. The information obtained irom the above-described tests and the
observations of flow in the model have demonstrated that when supercritical
flow enters a direct change from a tangent to a simple curve, the water
surface oscillates along the channel, creating zones of maximum and minimom
depths on both the inside and outside walls. This oscillating condition
also continues into the downstream tangent. From the measured water-surface
profiles, all test data were anaiyzed and tabulated in tables 1 and 2.
Tests 1 and 2 apparently produced smooth flow and it appears that the
amount of superelevation is low (plates 2 and 3). The crests of the waves
for tests 1 and 2 varied in height from 1.7 to 3.4t £t and 1.8 to 4.0 ft
above the theoretical normal depth, respectively. The superelevation in
the other tests was much higher. The flow in test 1 had the maximum crest
height of 10.8 ft above normal dep:hh and maximum height of wave was 17.5 ft
from crest to trough (plate 17). The velocity distribution at the entrance
to the curve, as shown in plate 16, is symmetrical and uniform. The center
and surface velocities are somewhat higher than the normal velocity. The
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maxmum velocity occurred near the ocuter wall of the chamnel in the sec-
tions. in. the curve.. The wiximuin measured velocity was 59.0 fps. A compar-
ison of the simple curve profiles indicates that the invert slope has some
effect. on the flow entering the curve. TFor flatter slopes, the wave trough
(D.E.) elevations appear to be appreciably below -those resulting with the
steeper chamél slopes. ‘The superelevation in the steeper sloped channel
flow is -considerably in excess of that for a flatter slope.

9.  Tables 1 and 2 present a comparison of the computed and the
experimentel values. All of the tests made with the simple curve are
presented in this table. With the simple curve alcne, the average max-
imyri rise in water surface above the normal depth on the outside wall within

*
¥r » with a range between 76.3 and 108.8%, and

the cirve is about 91.1% of &
only about 68.6% of —-—v—2-T—7 f* with a range beiween 60.8 and 88.2%. The
gR - 28V g v

water surface on the inside wall of the curve depresses about 52.1% of ER—

and about 57.2% of the average rise (91.1% X 57.2% = 52.19), making a total

2
difference in depth of (0.911 + 0.521) ? = 1.432 éfT .

10. Referring to teble 2 and the data obtained in tests 11-14, the

following relations were derived: {a) the maximum average cf 3 risces in

water surface is nearly emal to the computed g—-‘?

FRCOm Y

oo tu Mea

in each test, (b) the i

& : : . vr
otal profile average rise ranges from 57.9 to 68.9% o< the computed @— a2 1
and (c) the total profile average rise ranges from 57.% to 63.5% of the i :
{ -

maximm average of 3 rises. :
* 8. M. Woodward and C. J. Posey, Hydraulics of Steady Fiow in Open “‘
Channels, Wiley, New York, 19hl. i

*% Tre formula was developed and prescated in "Civil Engineering,” ASCE -
Novenber 1942, by the Los Angeles District Gffice, from data obtained in
the experiments by the California Institute of Technology. v
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‘insted by introducing properly designed spiral transition curves.

TESTS WITH SPIRALS, USING CURVE RADIUS OF 885 FT

11. The discussion so far has been limited to channel designs with
simple curves only. With this design and with supercritical velocities,
disturbances in the form of oscillation.and excessive superelevation were
caised by the sudden .change in alinement. The increase in the outside wall
height required by the excessive superelevation in the  curve and the in-
crease'in the outside and inside wall heights downstream required. to con-
trol the -oscillating disturbance emanating from the curve could be elim-
This
part of the report presents the data and results of additional model tests
that were conducted to determine the need for and the erfectiveness of
spiral transition curves located immediately upstream and downstream ?f the

simple -curve.

‘12. A series of tests was conducted upon two lengths of spiral
curves, one a 325-ft and the other a 600-ft spiral transition curve. The
general procedure in making the tests was the same as that described in
paragraph 7 under the simple curve study. To determine the relative merits
of the simple curve and simple curve with spirals, both des‘igns were stud-
jed under the same discharge conditions. The comprehensive test progran,
hydraunlic elements, and model data, consisting of the six tests with
spirals (tests 15-20), are outlined in table 1. Table 3 presents a compar-
ison of values between these data and similar data obtained with the simple
curve only, tests 11-1l.

13. Plan of test chann=l with the 325-ft spiral transition curves,
tests 15-18, is shown in plate 1. This plan has a curve 2146.5k £t long
and a radius of 885 ft. Measurements of the water surface along the out-
side wall of the curve were plotted for two discharges and two different
invert slopes to determine the magnitude of the superelevation due to the
upstream spiral. The water-surface profiles obtained for these tests are
shown in plates 18-21. The superelevation (the rise above normal at the
water surface along the outside wall) was found to be appreciably iess
for a slope of 0.010 than for higher slopes with the same discharge because
the velocities were lower and their distribution was more uniform. The
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flow seems to enter and leave the siuple ~urve in a symmetrical pattern and
wave ride-up in the downstream tangent is negligible. For a slope of

- 0.010, the superelevation did not exceed 6.7 £t for 45,000 cfs and 5.5 ft
for 35,0C0.cfs (plates 18 and 19). For a slope of 0.01575, the maximum
superelevation was 9.4 £t for 45,000 cfs and 6.2 ft for 35,000 cfs (pietes
20 and 21). " The measured water surface along the outside and inside walls
throughout the entire reach, includi'.ng'the spirals and tangents, and the
velocity .distributions for test 18, are shown in plates 22 and 23, resgec-
tiw}ely. The velocity distributions are shown by coantours and are viewed
looking downstream; the contour interval is not uniform. Flow conditions
for this test plan are shown in photographs I and 5.

14. The plau of test channel with the 600-ft spiral transition
curves, tests 19 and 20, is shown in plate 1. The length of the simple
curve was 1868.40 £t with a central angle of 120°57'36". The total deflec-
tion angle was 160°09'00". Tests on this design disclosed a greatly im-
proved flow condiftion over the 325-ft spiral design, which was protably due
to the longer spiral curves. The tests showed satisfactory results in
which the spirals provided smooth flow throughout the simple curve and uni-
form depth in the downstream tangent for discharges of 35,000 and 45,000
cfs. WNo transverse waves were formed in the curve or in the tangent down-
stream. Throughout most of the reach, the water surfaces for the two dis-
charges were lower on the 600-ft spiral design than on the 325-ft spiral
design for the same discharges. The water-surface profiles are shown in
plates 24 and 25, and the water-surface profiles along the outside and in-
side walls for the entire reacn for only the 45,000-cfs discharge (test 20)
are shown in plate 26. The differeriials in water depth between the out-
side and inside wall profiles were greatly reduced. The maximum superele-
vation was 7.6 ft for a 145,000-ofs discharge and 7.0 £t for a 35,000-cfs
discharge. Wnen the water-surface profiles for tests 19 and 20 are com-
pared, little difference occurs in the configuration; however, this is not
so when the water-surface profiles for tests 17 and 18 are cormared. The
main deviations between the two profiles were at points in the curved chan-
nel where large waves existed. The velocity distributions for a discharge
of 45,000 cfs are shown in plate 27. The measured velocities were no
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greater than those in the 325-ft spiral design. Fhotographs 6 and 7 show

the performance of the test channel for discharges of 35,000 and 45,000 cfs.

Flow conditions were very good.
15. With spirals, the average maximum rise in water surface above

VT

normal depth on the outside wall within the curve is about 83.3% of e

with a range between 74.7 and 97.1% and only 53.4% of ——ﬁ—g with a
gR - 25V

rauge between 46.9 and 59.1% (table 1). The average depression of the six

tests is sbout 51.2% of Z—;?- and about 61.5% of the average rise {83.3%

% 61.5% = 51.24), giving a total difference in depth of (0.833 + o.sia)
gﬁr—' = 1.345 @1 . The 395-ft spirals reduce the maximum rise by 6.1%
(91.1 - 65.0) while the 600-ft spirals reduce the maximum rise by 11.1%.
16. Summaries of the observed superelevations and the supereleva-
tions computed from the equation %28% are given in tables 2 and 4. These
computed values are consistently lower than the corresponding measured
values. From table 3, the following comparisons of values were made: (a)

+he maximum average of 3 rises in water surface ranges from 149 to 179%

of Z—:% , (b) the total profile average rise ranges from 110 %o 1484 of

v:—g% , and (c) the total profile average rise ranges from 73.5 to 89.5% of

the maximm average of 3 rises. From table L, the maximum ride-up ranges

from 3.73 to 47.83% of %2%— and the average ride-up for the six tests is
32¢ of é_g__ﬁ?_-'_ . Therefore, the average r;se in wate; surface at the outside
wall for the six tests is -gg—g— + 0.32 ya?g = 0.66 lg,R—T or 5.28 ft. However,
the maximum rise from table 1, columm 5, ranges from 4.53 to 9.k ft. The
325-ft spirals are shorter than the length computed by 1.82 % vhen

7 = (b + 253), top width, while the 600-t spirals are longer; the mini-

mum spiral should range between 430 and 545 ft.
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17. Use of spiral transition curves definitely minimized both trans-
verse.and longitudinal waves in the .curve.
_ 18. Minimum length of spiral should be not less than that computed
by the formuia 1.82 % where T is the width of water surface.

197 The 325-ft spirals reducedthe amplitude of undulation only
s)ightly; while the 600-ft spirals used for the iwo tects nearly elimi-
neted the wndvlaticns entirely.

26. The 325-ft spiral is shorter than the length computed by
1.82'% > but the €00<ft spiral is longer.
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Table 2

Measured Water-Surface Differentials

Total Superelevation (S.E. + D.E.), ft

1st Magnitude 2nd Magnitude 3rd Magnitude
Test Sta- Sta- Sta-
No. tion S.BE. +D.E. tion S.E. + D.E. tion S.E. + D.E. Average
Without Spiral Transitions
1 1400 3.65 28+00 3.55 16+00 3.05 3.42
2 14+00 5.00 11+00 3.98 30400 3.92 4,30
3 12400 7.05 15400 5.77 31+00 5.68 6.17
L 31433 7.25 12400 6.88 31400 6.57 6.90
5 12400 7.53 11450 6.63 15450 6.55 6.90
6 16450 9.02 11+75 8.92 12450 8.83 8.92
7 12425 8.80 12400 8.71 16+00 7.82 8.u4
8 21100 9.57 12400 9.37 16+00 8.96 9.30
9 16400 8.53 12+00 7.92 21+00 7.60 8.02
10 16450 10.25 21+00 9.67 12400 9.65 9.86
11 21+00 9.37 16425 9.28 12+00 8.78 9.14
12 12400 11.20 21+75 11.07 13+00 10.80 11.02
13 21+25 14.02 21450 13.85 21+75 13.75 13.87
i 21425 17.40 21450 17.22 21+75 16.28 16.97
With Spiral Transitions
15 34400 7.30 25+00 7.25 29400 7.15 7.23
16 26400 10.33 20+75 9.97 21+50 9.93 10.08
17 21400 10.38 27+00 10.00 21+50 9.80 10.06
18  22+00 13.58 28+00 13.23 34+00 12.48 13.10
19 29+00 11.35 29450 10.82 25+00 10.65 10.94
20 25+00 13.72 23+00 13.62 22450 13.37 13.57

et D IR r R P 1
KA A 00 175

e . o 2
ol T AT d e FA R

I I L PO S & v

U Y Sors L A R B

Y

Clise P b d el prean bere o v

'

ke

FAVY/SONS RN A

~g11-‘ SO X



T 4 T

% LR 2 Y 0 ARl 2 5 W i e g WAL S SRS o o
o GERSZ LA TS R o T g R B S T R ST s

Table 3
Measured and Computed Superelevation, Radius = 885 Ft

Maximum Total

Average Frofile
Test VST VOT of 3 Ave

o B Ere Tl (a0) (@) (930) Q)

Without Spiral

nm 5.9 6.13  3.52  59.1% 57 .1

12 7.3 6.84 L.2h 57.9% 62.0%

13 7.81 8.50 4.88 62.5% 57.49,

1 9.55 10.36 6.58 68.9% 63.5%

With Spiral

2.98 L. 3.27 1.10 73.5% 1.49
3.66 6.54 5.16 1.4 78.9% 1.79
3.91 6.46 5.78 1.48 89.5% 1.65
4.78  7.37 6.27 1.31 85.0% 1.54

Unit of measure for columms (1) through (4) is feet.

vor

Comparison of values between: (a) maximum average and = °
- 2
(b) meximum average and % s {¢) maximum average and total profile

average, and (d) total profile average and

2gR
Without Spiral

R - - T . .
The maximum average of 3 rises is nearly equal to —= 1in each test.

er

The total profile average rise ranges from 57.9 to 68.9% of = -

The total profile average rise ranges from 57.4 to 63.5% of the
maximum average of 3 rises.

With Spiral

vor
2¢R
vor
2gR °
The total profile average rise ranges from 73.5 to 89.5% of the
maximum average of 3 rises.

The maximum average of 3 rises ranges from 149 to 179% of

The total profile average rise ranges from 110 to 1L48% of
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Table 4
Summary of Spiral Transition Test Conditions and Results :
e Test 4 Top L =1.82 V& L. (Model)
3 No. Qscfs _n Vofps Slope Width V&g S VBT, L (Mode :
3 (1) (2) 3 (k) 5y (6) (7) (8) )
_ 15 35,000 10.35 39.42 0.010 109.1 18.24 429 325
E. 16 145,000 11.90 L42.36 0.010 116.1 19.56 458 325 :
- : 17 35,000 9.10 L46.35 C.01575 103.5 17.11 510 325
18 145,000 10.5¢ 49.76 0.01575 109.8 1£.38 541 325
‘ 19 35,000 9.10 Lk6.35 0.01575 103.5 17.11 510 600
3 20 b45,000 10.50 k49.76 0.01575 109.8 18.38 543 600 :
, Total
H Profile ‘E
3 Average ﬁ Ride-up S.E. 1st ., g VI T ;
. Rise 2gR_ (9) - § 0) (31) + (10) Magnitude Difference* {
(9) 10Y 11 (12) (13) 11* (15) j.
: 15 327 298  0.29 0.0973 453 3.93 0.60 §
j 16 5.16 3.66 1.50 0.4098 6.63 4.83 1.80 ;
A 17 4,65 3.091 0.74 0.1893 6.28 5.15 1.13 :
i 18 6.56 L.78 1.78 0.3724 9.ko 6.30 3.10 s
3 19 5.78 3.91  1.87 0.4783 6.55 5.15 1.k0 ‘
20 6.27 L.78 1.k9 0.3117 7.59 6.30 1.29 E
4
Avg 5.28 L4.00 1.28 0.3200
Note: Unit of measure for colums (2), (5), (7)-(1l), and (13)-(15) is feet.
Unit of measure for colum (6) is feet per second. j
_ Minimm L, should range between 430 and 545 £t (Col 7). The average
; ride-up for the six tests is O. 32 vaT (Col 12). The average rise in ‘
2
. watersurfaceattheouts:.dewall:.sv2T+032VT-066v2T—5.28ft

2gR 2gR
(Cox 14). j

* These differences would be within tne normal freeboard allowance except

- . test 18 vhere the spiral was too short. The length, L, 5 was bused on

o instead of T in 1.82 % .
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APPENDIX A: A STUDY OF SUPERCRITICAL FIOW
IN A CURVED CIRCULAR CONDUIT

INTRODUCTION

1. The Los Angeles County drainage basin is made up of many steep

and narrow canyons. The slopes of these canyons vary from 3 to 15 percent.

Recent hillside developments and fires have created a dangerous, debris-

T Y T S T B Ea AT (Y et
Al LS i e e 2 TR A S A y ¢

laden flood potential. The floods of past years have caused great damage

to homes and people. Existing and future developments will need adequate
protection from these floods. With the limited amount of available rights-

.351"

ey

of -way and the extremely restricted working space, the circular conduit,

which is just as economical as cast-in-place covered section, is most de- .

SRy BLEAY

sirable in these highly developed residertial canyon areas. However, the :
lack of available hydraulic data on circular conduits with high-velocity ;

flow prompted a model investigation to determine the flow characteristics i
in the curved conduit. '
H

giauratiing

2. This report presents the results of two model designs, designated

o, A tests 1 and 2, on supercritical flow in a curved circular conduit. The

;; } study plan was to utilize a lucite model that would simulate actual flow

:i ; conditions within the hydraulic design range for reinforced concrete pipe.
g : The two model designs were on an 8 percent slope and a 90-deg bend. Test 1
had a 90-ft-radius curve without spirals and test 2 had a 150-ft-radius
curve with 2h-ft spirals at each end of the simple curve.

MODEL

A i 3. The models, constructed to an undistorted scale ratio of 1:10,
= similated an 8-ft-diam conduit. Test 1 reproduced about 400 ft of conduit

PPN
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o

proper, which was cut into simulated L-ft prototype sections. Test 2 re-
produced about 310 ft of conduit, which was cut into simulated 6-Tt proto-
type sections (see plates Al and AS8). Each section was bonded together ;
: with epoxy glue. i :
% § L. The entire conduit, including the rectangular channel approach
3 ; and the circular exit channel, was molded of transparent lucite pipe that
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permitted direct observation of flow. The assembled lucite pipe was sup-
ported by a series of wooden "A" frames set on concrete pads. Wooden
cradles were set between the pipe and the "A" frames, which were adjustable
in elevation to provide 2 model slope of 8 percent. A 16,000-gal forebay
elevated 4 ft above the ground was used to provide the required energy
head. The forebay was equipped with baffles to ensure tranquil flow condi-~
A control gate, downstream of the forebay, was used to obtain the

B
B
k>

BRI,

i tions.
required depth at the upstream end of the approach channel.

3 5. The following accepted equations of hydraulic similitude were
used to express the mathematical relations between the dimensions and hy- H

N ER AT WA etee e v La n g
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draulic gquantities of the model and the prototype. :
H

PEros &

~ Scale i j
- Dimension Ratio Relation :
4 Length L 1:10
Area A =10 1:100 I
T T :
Velocity v = Li/ 2 1:3.6 P
> ' :
3 Discharge Q = Lz/ 1:316.20 :
j Roughness coe  ~ 2nt N = Li/ 6 1:1.468

?- 6. Measurements of ¢ - -rge, depths, pressures, and velocity of ;
B t )
53 - flow can be transferred quen....tively from model to prototype equivalents {
e by means of the above scale relations. :
TEST PROCEDURE
; 7. The study program was made up of two designs (tests 1 and 2). ’

Each test consisted of three runs or discharges, namely, 1740, 1900, and
2060 cfs (see tabulation below). For each run, a depth of 0.8 diameter
was obtained at the upstream end of the model by means of a control gate.

2]

L
3=

3 Discharge Upstream dn dc 7
Run efs Velocity, £ps ft ft

1 174C 45 L3 7.9

2 1900 48 .56  7.98 ;

3 2060 50 481  7.99 ;

A2
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8. Two Prandtl pitot tubes were used to measure velocities. The

TR,
y

approach velocity was measured upstream of the curve in the rectangular
section. The other Prandtl pitot tube was located in the downstream sec-
tion; at this location the soffit of the conduit was notched to provide

The recording positions of the Prandtl pitot tube were

Rtk

access to the flow.
on the centerline-quarter points. The velocity data were classified as

o random samplings and only served as an overall check on the flow mechanics
and for a prorated average velccity at the control station. Velocity meas-

: urements were taken for each test run; however, they are not shown in this

report.
9. Water-surface readings for each test run were taken by visual ob-

servation of the inside and outside waterlines. A transparent, movable,

i

wraparound gage was used for the measurements; the gage scale was marked in

T TETT

percent of the diameter.
10. The pressure data were cbtained by using piezometers. Numerous

piezometer openings, located at critical points in the conduit, were con-
nected to glass manometers by flexible tubing and provided means of cb-

taining pressure data throughout the model.
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TEST 1, WITHOUT SPIRAL

11. Test 1 consisted of an 8-ft-diam conduit alined with tangents
and simple curve on a centerline radius of 90 £t and a longitudinal slope
of 0.08. The total deflection angle was 89°07'36" with a curve length of
140 ft. The lengths of tangents preceding and following the curve were
71.60 and 94.00 ft, respectively (plate Al). Piezomeiter locations around

o ,1,[-.77,4~ . .::

Jing
N oamaten oA et e e
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the conduit are shown in plate A2.

s
12. Test results are summarized by the data plotted in plates A3

" and Ali. They show the transverse water-surface profiles and pressure

, graphs at sections 4 and 8 for the different discharges. Water surface _
: ; was difficult to define because of the extreme turbulence, the aeration, ,
: j and the swirling flow. Swirling flow, defined as the clockwise spiral flow

~ returning to the inner side of the conduit, was observed at several
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locations. Plate A5 presents views of the flow conditions for the differ-

ent discharges.
TEST 2, WITH SPIRAL

13. Test 2 was alined with spirals at each end of the simple curve
with a centerline radius of 150 ft. The lengths of the spirals were 2h ft
and the length of the curve was 211.17 ft. The total deflection angie was
90000'00", including an 80°39736" central angle of the simple curve. The
tangent lengths upstream and downstream of the spiral curves were 71.60
and 67.50 ft, respectively. The spiral length of 24 ft was chosen because
use of L4-, 6-, and 8-ft lengths of reinforced-concrete pipe sections is
common practice. It should be mentioned that this spiral is not the modi-
fied spiral used on rectangular and trapezoidal channels, but a modified
ten-chord spiral (plate A6).

1. With the added spirals, the model was again tested with the same
three discharges used in test 1. The results of the tests indicated that
flow conditions in the spiral and the curve were somewhat improved. Plates
A7 and AB show a plot of the actual transverse water-surface profiles and
pressure graphs at sections 4 and 8 for the different discharges. The lon-
gitudinal water-surface profiles are shown in plate A9. Plate AlO presents

views of the different flow conditions.
CONCLUSIONS

15. The simple curve geometries for tests 1 and 2 are not comparable.
The improved flow conditions observed in test 2 (plates 6, 8, and 10) over
those in test 1 (plates 3, 4, and 5) probably result from the increased
curve radius (150 ft, test 2; 90 ft, test 1) rather than from the use of
spiral transitions.

16. Tests on comparable circular condui%i curves with and without
spiral transitions and for various curve radii, conduit diameters, and

Froude numbers are needed to establish firm design criteria.
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APPENDIX B: SUPERCRITICAL FIOW IN VERDUGO WASH CHANNEL
INTRODUCTION

In the design of curved channels, one of the more impertant hy-

1.
The

draulic problems is the determination of the water-surface profile.
superelevation in the curve must be determined sc that sufficient wall

heights may be provided. This appendix gives a summary of the hydraulic

results obtained from the model tests for the {inal design of the Verdugo
Wash charnel and presents a comparison of the computed superelevation with
those obtained from the model tests.

2. Tn commection with the improvement of the Verdugo Wash channel,
the Los Angeles District Hydraulic Laboratory constructed an undistorted
1:30-scale model of the chamnel from the debris basin, sta 301+21.22 down-
stream to sta 256+29.46. This is shown in photograph Bl. The chammel is

trapezoidal in cross section with a base width of 25 ft and side slopes of

1 vertical on 2 horizontal. Three curves exist in this reach, two of which

have spiral transition curves on each end.
TEST f
The model, as constructed for the final design, was tested for

The data taken for this test consisted
Design

3.
the design discharge of 18,000 cfs.
of water-surface elevations and velocity distribution measurements.

W s A sm e

wall heights were determined from the water-surface profiles measured in
The amount of additional wall heights to be allowed was one of

the model.
In locations where maximum superelevation oc-

the probiems to be resolved.
curs, the wall heights must be increased over and avove the usual freeboard
However, the spiral transition

provided for channels with stable flow.

curves effectively stabilized the superelevated flow between the circular
No disturbance developed

X‘JJWM S i A A A ANl = v
e

curve and the tangent downstream for both curves.
in the channel and the freeboard provided in this design was adequate
Model water-surface profiles along the right and left

(photograph B2).
Velocity distribution cross sections

walls are shown in plates Bl and B2.

Bl

.61




I M R T D

are shown in plates B3 and B4. Details of the observed superelevations of

}% water surface along the right and left walls relative to normal depth are
é shown in plate B5. These measurements afford an opportunity to compare
f model data with theoretical results (plate B5). Superelevations of the

water surface were computed by the formula Eﬁz and are listed in the tab-

ulation below. The superelevation is considered as the rise above normal

depth. The computed superelevation of the water surface ranged from 1.0 to

'A b.2 ft.

- v'r
e v T R eR
- Section Station fps ft ft ft
- 4 S.T. 293+60.4% - - - -
7 C.S. 201+10.44 47.6 60.5 1800 2.4
S.C. 286+19.28 47.6 60.5 1800 2.4
e Trapezoidal T.S. 283+69.28  -- == == ==
: section S.T. 283+62.71 -- - - -—
e C.S. 281+12.71 51.7 58.4 1150 4.2
24 S.C. 278+57.30 51.7 58.4 1150 4.2
2 ‘ T.S. 276407.30 ~=  -- - -
L Composite E.C. 259+79.37 -- - - -
s section 258+91.87 54.0 68.5 6385.44 1.0
transition 257+16.94 55.6 S51.5 6385.44 0.8
3 Rectangle B.C. 256+29.46 55.6 L43.0 6385.h4 O.

CONCLUSIONS

4. The differences between the computed and observed superelevations
in the channel curves are attributed to waves in the converging channel
section upstream of the curves (plate Bl) that attenuate downstream into
the curves. These waves are believed to effect oscillations in the flow at
the beginning of the curves that result in abnormal superelevation condi-
tions. This type of disturbance can also occur when tangent distances be-
tween curves are very short. Some of the disturbance possibly can be
attributed to the channel cross-section geometry which combines rec-

tangular and trapezoidal featuvres.

62 |

i
L . - ) _

AR 3 0 g ey . .
SR RE RN S ’W".‘"‘*f‘“'&' T L Sy A A A A PR




=%

P4

e
TR g g

e

= e,

e

e

SEDFERRCR

eI

L

e

s

el

T

s

Ty

et

e

=

o WA RPN s ciaakeid w-gﬁl A ]

e W S A ) KA s - o PR

- PRUTPESN

T AT
' -

e &7

]

X

.
)
I

30-scale model

-
-

T 1

of Verdugo Wash channel

V1ews O

Downstream

J
Photograph Bl.

f
1

Ll ek
St st



o e rarewate. 7 f13 >

g SR
000 cfs

2
>

PITI Wy Ny Lo
e

discharge of 18

IR .M.w

w s Ay

TR

ign

S P

e

i

T
ons with des

i

e Lot S 4
it

o,

TS

3

=

S
Flow con

g ph B2.

Photo

PAAY

NS A 4 P P A T AR ./..«.




ELEVATION IN FEET MSL

-

4 301021 2.
PULNAF Crgsy -

S0
St

Z,

ANGLE posw r

—~——

e

01°33" 54

EXISTinG

~EXISTING

H28° 34420y

NSITioN ™

299¢16
TRA g

END

EXISTING PARAPEY WALL

\?;\

VARIES

TYPICAL SECTION

STA. 29941681 TO STA.294+668!

»,
~f
o
©,
s
'
N

LA

G/
ANSITION

STA 2944
BEGIN TR,

C_S STA 29141044

———

]
EXISTING SPILLWAY wi
EMOANKMENT
 paraPET NI?L
" WATER SURFACE ALONG PARZPET WALLS

|
|
StrucTuRE——

SITION

wo_ 14N
CRADE CHANGE

£4

L5

WATER SURFACE AT LEF

J[_

=
Sy
T whz\ﬁ_\,\

BEGIN_TRANSITION.

i . - - . « - - . . .E H . 3
| i ; . D el : 4
106C ; ! “3

1088 o= | . . . . . . S ; . -+
1050} - : . . ; ; i ; |
was |—! H ' . H |
L l i l | | :
waeo0! .1 . . . . R

302 300400 298400 296400 294400 292400 290+00

STATIONS ALONG CENTERLINE OF CHANNEL
WATER-SURFAGCE PROFILES
;
2o eote St cdinba i, o b S e,




% ‘:ﬁ‘m R Tl ST TS I 5 s -
o SS AP SR T Qa‘lﬁ:aw‘f:\v = e e s e A sy T T Tt e e o .
h AR P PR S S R o i B T e s oy R SRR AN

PR L O T p— .
< T R e TR S e g Ty

P
z
%
H

INIT HILVYN

28’

¥i5 ° :
7
w77 507

6
2%

ow
@Yz
nio
L1
o)
I ’

3
<
-
{¥96¢ 7N
p 69"9
\
s
i /‘4
f+)

59
+64c Vi

C S STa_29i1¢1044

| 4
»
\ 4
L a
\:'l
\
2
(N
15 L
i 574182 vis

1425°10° 10"

N CIRCULAR CURVE !&DJ%MM
8112 43 30° 4310613 20°

R* 115000 Ts* 38231

e [ e o O G \‘%‘ & cuRvE_oava
"~

3 Te 12823 L3+ 25000°
3 Le 2554
- BLAN
: 30 0 20 100 150
3 ScaLt BrECECT——E=——g =3 FEeT
=
Lot
.4‘*- '*"*—!‘-—'—-‘**r' .- '-*‘-r _— E s el ! 1 i . . - - - 1140
et s | P o oo - i el e - e e - -—=u3s
. , : ; - . . N B . . - <1130
R T S ! B 1125
A H :
= et e « e . - e - - - e e - - -- S e —m - e - s e e - = = 1120
o S S B . [OOSR § 7Y
S — - - - - . - ; - - . « - - e e - - - - — = 1110
3 ; ! -]
ACE A7 RGAT WAL : ¥ X : : o o . Sos g X
. : : - . l'sx 1100 f :
; .y , . : 1008 ]
g \:: N ; /:or: OF CHANNEL . . : . i §: 1090 2 :
- . D : - . . w088 = )
by \\\ T 1 S ©
3 \ . i : 1080 %
] > B
: . Z > . : - — Shors E
> : 3 : : st - : - ¥io10
- . 34 H - Y 1065
© !
=3 N "16" - - H - 1060
i : p ! 0ss
P . N ki
& H - 3 H H s i 1050
A | i i ; ! gL;'.J J Tioes
= l l i Ty T T jate o : s,
3 W T I [ SO S SV f... NV I SR, 1101
£ 292400 290400 288400 286+00 264400 282400 280400
2. STATIONS ALONG CENTERLINE OF CHANNEL MODEL DET A"_S AND
. WATER-SURFACE PROFILES

= WATER-SURFACE PROFILES
FINAL DESIGN

DISCHARGE 18,000 CFS

STA 302+ 20-280+00

ﬂ PL
5 65 4 N . :

e TP R AN IV

)"’

er . ptet 2 N
= R Y A N T o e

+

7



ELVN

ARG LA R I Y

ELEVATION IN FEET MSL

1040

1035

1030

1025

1020

1015

1010

YYYT

N 28" 42° 05" W.

—VERDUGO—

e e WASH—— e e —

AlLlL

LATE_ 81
e FOR_PLATE 81—
ercﬁ Ll

279+15

STA
IS 851227610230

MOD SPIRAL NO S6

"‘h“:iﬁ—r,qvw»'mx%r - =gt g 4:_‘

TYPICAL SECTION
STA. 29446681 TO €.C.STA. 25947937

. oraoe |
CHANGE

PLAN

50 O ___ %0 100 150
SCALE  EErEC Y=t ) FEEY

STATIONS ALONG CENTERLINE OF CHANNEL

WATER -SURFAGE PROFILES

R

6400 ) 268400 266400

L W P O O PO

¥
i

o

Vos 08 s rantaaa il f




e o

o g o i ie SRR Sk
;e:'.@gg«;%’?@um;g&%ﬁﬂ&-izaw-i:@ [ IS DU

€ CURVE pata <
5 £503°08'2%" *
R R:6385.44' =
s w| T+ 17500 N
'S NLs 3499/ oz
£y + o
% © NE
. NS S Sz
B s 3 g SR
\‘l w “* :1 ~ Q‘
.. 2 { ) 1
YYYY N_28°42° 09w ~ N1V YY
: ~ L—— WASH- - S T = - = — CHANNEL St - - STy j
Adll Lo, 1T T 1L !
/ \ EXISTING _
[[f—4ccess Raup L GHAWWEL
r'/l'
3 PLAN
. -
: seae Frr 0By
L& CHANNEL
| !
R A
1 N
2 1
L vames |
TYPICAL SECTION
- £.C. STA. 25947937 TO B C.STA 256+29.46
e
3
-
- e e vm @ e o e e e v . . 1 ' -11065
| : ‘ t : ! , ! ! ;
4 . . . . i : s . H . I 11060
E e o e e e e et 4 e - . . . . - ; «t:oss
g .- - - . e e . . : 4 . . . H <1050
= 3 — . — . — e - o . . ; . . - % -flOlS
: OF CHANNEL . . : ' . . . : I 1040
. . s H "
i e . . - . . - - - . . - . : ~103% =
WATER SURFACE AT RIGHT WaLL . i
i RN - .- e - s . . - - 1030
i ' R —— WATER SURFACE AT LEFT, WAL ) ] ) ozs o
n ! _\\\<\ il z
- . . . . = - . . . . . - 1020
; \ ., \\\‘ i g
.- - - - o - . - . - 3 =
: s 310030529 e SR Ny _ ;1015 £
i . 33 . T . 5 . v 11010 2
, . %5 . . I . H :xoos o
H ]
‘ - : - : ? -: e
- e : ~ —
fom - — - - - e . d : . "oy
e e - - . . ! W93
b i
, S . . : . 58
s ; |
k . e B o . 1 . H
s 266400 256400 264400 262400 260100
15
ATIONS ALONG CENTERLINE OF CHANNEL
% MODEL DETAL.S AND
ATER-SURFACE PROFILES P
3 WATER-SURFACE PROFILES
T t r N
E FINAL. DESIGN
b
o DISCHARGE 18,000 CFS
v 70
o STA 278+00-256+00 l :
.. % / h
PLATE 82
66
o e et
e ot AR Mo WIS sl




B P T T R R T T T
R R P S A

OEPTH IN FEET
o u_ &

OEPTH IN FEET

o
N

TN 2 ZE AT,

oA T ¥ gt

B

OEPTH IN FEET

e X R e Y »!,,,'w:w..‘,,a ey

s

FRL X e

A

4P
L XA
33,
337
I

o 0 >0 39 20 50 ) 70

DiSTANCE FROM LEFT WALL IN FEEY
E.T. STA. 299--16.81

15 5
; ]
sy,
10 \q.‘___‘,,.—. “: e a3 ,,___..,,,..—-—,, 210
£ g W) o3 w2 @6 N2
N Ne e ez we 43 bt
5 ~ee I we ara 8 :-: -5
bad 196 @2 u, s06 ‘
L \uo 26 Y S
[+] AP H c._..n - 3 °

[ SN W, T J VISV SR VS W [ UNIPE VIGIIE VR VUG W S )
<30 -25 <20 15 -IO s 0 5 10 5 20 25 30 35 40 45 SO 55
DISTANCE FROM LEFT TOE N FEET

B.T. STA. 294+66.8i

30 25 -20 - -0 S ST 70 IS 20 25 30 25 40 45 S0 55
msrmcz FROM LEFT TOE I FEET

STA. 234400

TE.
ALL SECTIONS SHOWN LOOKING DOWNSTREAM.
VELOCITIES ARE IN FEET PER SECOND,

o &
)

=)

[id

[ (2]
DEPTH IN FEET
OEPTH IN FEET
I—O

oy s 3
Y 'Y badd
”o «? ;: :
26 2 xtl

L e it

DISTANCE FROLt LEFT TOE IN FEET

S.T. STA. 293+6044
{
!
I—ry——at Y £33 ‘s

DEPTH (N FEET
DEPTH IN FEET

3

»

: ]‘5
10
“e 4.: E)

s dl! yre

ety cta uc f-¢A &
PR R bt
\ r ey s e .

S+ °

GEPTM IN FEETY
DEPTH IN FEETY

0 5 lo 152025303540l

i 1. 3 2
-5 0 § 10 £ 20 25 30 35 40 4
DISTANCE FROM LEFT TOE In FEET

C.S STA 291+10.44

by 3 1)

r3 13V 313 g8 3 t

©oe 9 339

g8 “wy ey o o
& 39,

-5 0 SlOﬁZO?SSOiSQD‘

DSTANCE FROM LEFT TOE ™ FEET
STA.2893+50

T e e o . e A D,




e

S S R S T S

G R e Ao worlpdnd s o N4 e o R EeT R T

S e Ny

W el

R G e R O W A ey N

M{ﬂﬁi&\‘.t

20 20¢ P
] o ! - :
15 w w15 ! u
s w . by
0= Z 0 ' z
w2 : TR R :
5§ 57 NE P B m &
o o Sl -y Pres a8
: _-e o . ks BT »
i o y—i5 15 35 25 30 35 40 4F 50 35 3625 20 15 <10 5 0 5 Tio is 250 25 30 35 40 45 2555

E‘» STANCS T06 ™ FEET DISTANCE FRULM LEFT TOE IN FEET
A
B S.T.STA 293+6044 STA 288400
&

,,

\

R
b 20
2 I
23 ] lis & - 15 -

] Pow bl w
Z H et
r: ,,;-f‘_-r-———'—';/ 10 Z : 10 . -

B N ——r—. 4] 2y I z "—:"~""‘y’-‘—" S

N o % i is & z sl NGE W * oo z
. id « L4

\;:; :.‘: c;-:/ j 8 g_-_ ! \;!" PrEs -.:/ J =
=3 ','—.—.’"I'T'—"“ [+] s ol -—._y-y.___g’ 0 g
5220 <15 10 5 0 5 166 20 25 36735 40 35 55 55 335 WS 10 5 0 5 10 55 30 35 30 35 45 35 55 B
- DISTANCE FROM LEFT T0€ N FEET DISTENCE FAOM LEFT T2E IN FEET
CS.STA 29141044 SC.STA 286+19.28
j*,:‘ 3 E:
™5 o e %

q HE] w w .
22 : 0 *x \__ n- :
-t ¢4 ry T oy z E AT ORI 7 z 3 .

I - oo v . r . = : 4
5 2 AR 1R AR '] sz zs {’! PSS AL ,” s is =
, '2: “; fatd "; :: a [-% ::' e 2 ;;c . ] a
._ s . “ @ o g g o \ 3 ess e 37e _._:' o g ]
j=70 15 10 5 0 S 10 15 20 25 33 35 40 4% 50 55 30-25 20 <15 6 5 0 5 0 © 20 25 30 35 a0 43 50 55 5
= DGTANCE FROM LEFT TOE ™ FEET DXSTANCE FROM LEFT TOE % FEET 3

.

3 STA. 283+50 TS. STA. 283+69.28 )
5 2
5 :
Al ;
- VELOCITY DISTRIBUTION }
- -
& DISCHARGE 16,000 CFS :
3 STA 299+16.81-283+69.28 '
s e i

2 ;’

PLATE B3 ;

K

¢

sy {4

67 Pl

. . T St D AT D e e R e e 5
@ -J‘ . ‘_‘ﬁ*mﬂ,@ zkxi\'d' WS 3

H N bl :ﬂw‘:ﬁ* ,_E
] i
it 2
3

e - . ) recn s
e RS TERCATS
= el B s e e A T T ST A T s i s - .

Aoy s 2 [T T A L. e




AR P P Nty
e g

AR g e SRR B A SR S,

" )
¢
4

o

‘S8

L enre AN

2 o PR

a . - P e e AR A Ay i
2
L
3
s
i
N
5
4 €
5 f
; s 5 e o - 15 i
e w : | @ v i
=10 ©z z® - s :
= s> ey p o i - = b B ™ >
1 x5 N e w2 sor ”:; x zs L e Nl ,‘:’_i LS AN R D
s : YY) 00 7 ”:/ ’n_‘ a °
2 & ol e oy o :
e o 3 1 P 1 4__ 2 ¢ 4 2 3 N " 3 1
k: -30 -25 -20 -5 <10 -5 0 5 IO lS 20 25 30 35 G0 45 S50 %5 -30 25 <20 15 10 -5 O 6 10 15 20 25 30 35 40 a5
4 DISTANCE FROM LEFT TOE N FEET DISTANCE FROM LEFT TOE N FEET
5.
= S.T.STA. 283+62.71 STA. 279450
:
3
%
2 . 20 20+
o ' v
. : —_——, / e e '
z H
Z o . 1 0z Z \—;—,,
- " ! 10 r——
= \3: ;:?\25:— 630 330 3o kS ;‘E \"' ,’:: o 3631 30
a 5 3 p 3¢ s “@>r ns Sa &5 '9e, 303 P 539 o7°
w 30 209 3.8 o W oW ary yoe 243 IO
o 7 3¢y su’/ o o ate o 33
oL PLY S S o o 152 2°
’ 3 2 § VNN NI S0S VPR SN SN VNN SO SRR JRY SN, Y t A L .z - PR U PR W WY V" " S T
357730725 20 15 10 5 0 5 10 15 20 25 30 35 40 45 S0 55 €0 35 -30 -25 =27 <15 10 -5 O 5 10 15 20 25 30 35 40 45
DISTANCE FROM LEFT TOE IN FEEY DISTANCE FROM LLFT TOE IN FEET
CS.STA. 281+ 1271 S.C STA 27845730
20 1 20 .
: s 5
wS Bu wliS
Y H | -
Z 0+ 73 | 0z Z w} N /
3 x i -, xx X ge T “s Y N aes e
52y : -3 ]5 4 :_ LY, \:"' ;:: ary sce @0"
3 - W W >L bl g 1%e er e
4 s l % ® o[ N S
R P S S § VUNINY JINEY VIR S I § s x i X Fy 2. 3. W —d. 1. L |  J— } -3 + P YR SRRy JENY FUN NI PSS W— S—
e '55 =30 -25 -20 -6 -IO 5 0 5 10 15 20 25 30 35 40 45 SO S5 GO -3% =30 =25 20 15 <10 S O S5 10 I3 20 25 30 33 <0 &5
# DISTANCE FROM LEFT TCE IN FEET DSTANCE FROM LEFT TOE ™ FEET
i3 STa. 280+CO TS STA 276¢07.30
a
it
&
L
]
rx NOTE
s ALL SECTIONS SHOWN LOOKM™NSG DOWNSTREAR..
" VELOCITIES ARE IN FEET PER SECOND,

e NS RRERNGED

R mn 8T P o Se v s e Y



i

.
sur)“:ﬂ a-,er-'. -cw,zu;*b}mm,,-;vm\;‘«&q“"w' ;,-"Ah'.s"df' .5% j‘, w‘

"'Mf** -w) s z», X

20 ¢ 20
5 ' I
-] 5 w 15 ,Is w
(Y] x
© Z 10 \ s~ e o =
= Xz i > ¥ 7y .3 ) ‘- D x
s x £ st RNV o oo s &
'y W “‘\s;:o ¥ 322 H
w 3> s
3¢ - - G
1 o e o .L——l-—-'."7 A l_’,l "3 ._.h._l.V_l 1 L] 2 - g
-10 -5 0 s 10 15 20 25 30 35 40 45 50 55 "0 ‘25 '20 'l5 -10 -S [+] S 10 1S 20 25 30 35 40 45 50 55
DISTANL? #ROM LEFT TOE IN FEET DISTANCE FROM LEFT TOE IN FEET
STA. 279450 STA 275400
]20
1 - -
5w -5 5 - :
“ w . w
10z “ 10 "
,\m E \I'.’ M 10 E
foad —r—————te—ary = ':- B
u«: Y 339 4P 15 a z 3% \z.-g 5 b3 -
’!' ;;: 20 ’ g & [ v & {
e 0..._a.._-~v_x-, chimma vmbe A o 8 2 whew 3 o ab . e ke o ob 0 e !
315 10 5 0 5 |o 526 25 30 35 30 45 %0 35 e so 30725736 45 65 O 5 Tio 1 20 28 30 35 40 a5 56 55 i
S DISTANCE FROM LEFT TOE iN FEET DISTANCE FROM LEFT TOE ™N FEET r
it S.C.STA 276+457.30 STA. 274400 5
bt :
44 ;
L
EX .
ks
(i
A
38
S ]zo :
> . .
f 35 ¥ . l ~1% =
J }IS w "= 15 i s
9 : / -!‘:o 2 “ o SN ! -10 :
3 b4 s = -—-—s..—-*, 2
E <G o T - ! R 5 BRI -z
; g v e HY s £ l e ’::/;” D8
3 e — lo® &, ' TR
Y 1 3. - 2 i o~ . 3 ) [ F Y - - —
D 15 <16 S 0 5 67715 20 35 30 35 R0 45 S0 55 < 36 2% 20 -5 -0 “ 8 10 15 20 25 3035 40 35 30 53
3 OSTANCE FROW LEFT TOE W FEET t.* St FROM LEFT TOE IN FEET
e T.S STA 27640730 STA 273+00
x
o
pe:
VELOCITY DISTRIBUTION
FINAL DESIGN
DISCHARGE {8,000 CFS
STA 283+62.71-273+00
‘Gi . ,E
i PL~TE B4 i
&2 z
X ;
by 3
i 68 :
3
3 _ —
« tx, 0 AT AR A Y 1 o 5 <
it oo i o M“%\ 28t gﬁﬁi"“iﬁ*"i ‘*‘i‘ﬁ%ﬁaﬁﬁﬁ“ﬁ’i i 2
e L Lt 2o 02

&\}M‘”" &

£ S Ao

PR i3

. . A
RETY e R R PRY L "'«-ﬁﬁ




h

»
P
iy
A

¢

-

J—
ks

s

~
o

g3

—~—p

el

ARG

R R

§ g

s

P

AT S

AR

P T Y T N T e L e N A B T

—

——

D e e L Ty e R I N U LA LI R TR SN

MBATLATANETE R 2R S LU ALY TR S

L L Lo AT TP

PP

O e A N T e SRS T R RS PR e,

i

Ly i

ey
4

. Y I N v H
o N AEERETE
PO N ol

-
bt 0

i
ﬁ

1
H
g

~

! T {

1 ! i

+ \-

. hY

¢ ]

: . 7A

! / L .

T "L \' i )
: A e
t / : ; ;
1 7 :
Y YA " N -
’ IR i '

|

——

Morseacl DesTA

10

4324 N1 Vo Ir00Y

1334 NI v MO0

12!

290400

95400

T.—.-—

XFPTH

B

0

=

PP

= e

-
.
)
P
11
i
.

&ngﬂ

1334 NI vQ In0RY

- - -] 11

1334 Nt V0 KON

28040

2654C2

270400

215400

LEGEND

RIGHT walL
———— LEFT WAtL

WATER~-SURFACE PROFILES

VERDUGO WASH CHANNEL

DISCHARGE 18,000 CFS

PLATE BS

P 0 g
st DR g

doplrobir i
L EATING!

LTI
Y PN

S

o LN Y
AAES i

e

i N

ce=AFR

SALERT on

A

Egs

W N

=T

69

3
e i
AR

v

240049
A2

e,

‘
ReYs

.,,. 1
.&4&..\. STt T, Gl
Ry

3




